Takotsubo syndrome(TTS) is often preceded by emotional or physical stress. Epileptic seizures are described in >100 cases. It is unknown whether patients with immediate and delayed detection of seizure-induced TTS differ.
Introduction
Takotsubo syndrome (TTS) is characterized by transient systolic left ventricular dysfunction, most frequently in the apical region, which cannot be explained by coronary artery disease. The clinical presentation, electrocardiographic (ECG) findings, and biomarker profiles are often similar to those of an acute coronary syndrome [1] . TTS predominantly affects elderly women and is often preceded by emotional or physical stress [1] . Epileptic seizures as triggering events of TTS are, so far, described in more than 100 cases [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Seizureinduced TTS may occur immediately after the seizure and can be diagnosed at hospital admission. However, TTS may also occur delayed, several hours, after the seizure. Postictal somnolence or lack of cardiologic surveillance impedes the diagnosis of TTS after a seizure. So far, it is unknown whether patients with immediate and delayed detection of seizure-induced TTS differ. Thus aim of the present review was to screen the literature for information about the interval between epileptic seizure and TTS.
Methods
A literature research was carried out in PubMed with the search terms "Takotsubo/Tako-tsubo/ apical ballooning/ transient left ventricular dysfunction" and "Epilepsia/ epilepsy/ seizure". Clinical trials, case series and case reports, published in English, German, French, Spanish, Polish and Japanese were considered. Articles which contained information about the interval between epileptic seizure and detection of TTS were included for the analysis. Furthermore, we included only articles which reported 12-lead ECG findings. We compared cases with immediate versus delayed detection of TTS regarding demographic, clinical, ECG findings and, if reported, troponin levels. For statistical analysis of categorical variables, the Chi-Square-test was used. Additionally, we applied the Fisher's exact test to check the robustness. Continuous variables were compared using Welch's Ttest.
Results
Our research disclosed 45 articles, reporting 48 cases with seizure-associated TTS where the time interval between seizure and detection of TTS was clearly described. For all cases, the data were collected retrospectively. Most articles were reports about a single case, 5 articles comprised case series [17] [18] [19] [20] [21] . In 23 cases, TTS was reported to develop immediately after the seizure and signs of TTS were already present at hospital admission (Table 1) [4-6, 8-9, 13-14, 16, 20-34] . In the remaining 25 cases, detection of TTS was reported 5-288 (mean 50) hours after the seizure (Table 2) [3, 10-12, 17-19, 35-49] .
Most patients (90%) were females and the age ranged between 18-82 years. There were no significant differences in gender or age between patients with immediate and delayed detection of postictal TTS, although in
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A C C E P T E D M A N U S C R I P T 4 the delayed group, the patients tended to be younger (Table 3 ). The apical type of TTS was most frequently reported in 77%. The typical symptoms of TTS, chest pain (19%) and dyspnea (10%) were not frequently reported, whereas atypical symptoms like confusion (21%) or hypotension (17%) were rather frequent. Twentynine% of the patients were intubated at onset of TTS because of respiratory insufficiency which was either postictal, due to the underlying neurologic disorder or a side effect of the therapy which they received for the seizure.
Postictal serum troponin T or I levels were reported in 40/48 patients (Tables 1 and 2 ). In 37 of these 40 patients, troponin levels were elevated. No significant differences in the prevalence of elevated troponin levels could be detected between patients with immediate and delayed detection of TTS ( Table 3 ).
The ECG was normal in only one patient with immediate detection of TTS (Table 1 ) [4] . In the remaining patients, one or more ECG abnormalities were detected, as listed in tables 1 and 2. The most frequent ECG abnormalities were negative T-waves (40%), ST-elevations (33%) and ventricular fibrillation/flutter (10%).
ECG-abnormalities like ST-elevations, ST-depressions, left bundle branch block and ventricular fibrillation/flutter, suggesting acute myocardial infarction due to coronary artery disease, tended to be more prevalent in the group of patients with immediate than delayed detection of TTS (Tables 1, 2 and 3 ). The prevalence of negative T-waves was higher among patients with delayed than with immediate detection of TTS (Table 3 ). In 7 of the 25 cases with delayed detection of TTS, an earlier ECG performed at admission was reported which showed no ST-or T-wave abnormalities [10, 12, 19, 36, 45, 48, 49] .
In 12/48 cases, no cause of epilepsy was reported. Among the reported cases, the most frequent causes were genetic (n=7), stroke (n=6), alcohol withdrawal (n=4) or posterior reversible encephalopathy syndrome (PRES) (n=3). The antiepileptic therapy was reported for 14 cases, in further 15 cases, it was not mentioned in the report and in the remaining 19 cases the seizure occurred without previous antiepileptic therapy (Tables 1 and 2) .
Discussion
This study about the interval between the triggering seizure and the development of TTS in published cases with TTS did not show any differences between patients with immediate and delayed detection of TTS regarding underlying neurologic disorders, demographic characteristics, TTS-type and symptoms. The only difference was the prevalence of T-waves, which was more frequent among patients with delayed than immediate detection of TTS.
Up to now, the pathogenesis of TTS is not completely clarified [1] . Elevated catecholamine levels seem to play an important role. In patients with epileptic seizure, a significant increase in plasma norepinephrine, epinephrine,
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A C C E P T E D M A N U S C R I P T 5 noradrenaline, prolactin, vasopressin and oxytocin levels has been observed [50] [51] . Furthermore, it may be possible that there is an additional external trigger leading to a catecholaminergic storm causing both a seizure and TTS. Up to now it is unknown if there are risk factors to develop TTS after a seizure. The mechanism of the delay between seizure and TTS may be related to autonomic instability or more prolonged catecholamine release despite seizure control. Alternatively, it is possible that clinically silent seizures continued despite apparent resolution. Also the postictal period may be associated with increased catecholamine release.
ECG abnormalities in TTS have a typical pattern ( Figure 1 ): The initial ST-elevation may be subtle, lasts only for several hours and is followed by T-wave inversion which persists for several weeks [52] . ECG-abnormalities like ST-elevations, ST-depressions, left bundle branch block and ventricular fibrillation/flutter, suggesting acute myocardial infarction, tended to be more prevalent in the group of patients with immediate than delayed detection of TTS (Tables 1, 2 and 3) . Probably, these findings may have induced acute coronary angiography in these patients and thus facilitated the diagnosis of TTS. The persistence of negative T-waves for weeks may have facilitated the diagnosis of TTS in the patients with delayed detection, especially when a previous ECG was available without T-wave abnormalities. Negative T-waves in TTS are assumed to be due to myocardial edema.
This assumption is based on clinical observations such as the parallel time course of development and resolution of ventricular repolarization abnormalities and the demonstration of myocardial edema on initial and follow-up cardiac magnetic resonance images [53] .
Troponin levels were elevated in most of the patients included in the present review and their prevalence did not differ between TTS with immediate and delayed detection. Troponin elevation is reported to occur in 12% of patients after generalized tonic-clonic seizures [54] [55] . Unfortunately, the ECG findings and follow-up data of patients from these two studies are incompletely reported, thus it cannot be assessed, how many of them eventually developed TTS [54] [55] . Troponin elevation after a seizure, however, may not only be due to TTS but also due to rhabdomyolysis occurring sometimes as a consequence of a seizure [54] . When interpreting troponin level elevations it should be considered that different assays were used in the past. In the meantime, highsensitivity cardiac troponin assays with their superior analytical performance were designed [56] .
The prevalence of seizure-induced TTS, so far, is unknown. In a study, published 2010, troponin levels in 279
consecutive patients admitted to an emergency room with cerebral seizures were investigated. Troponin levels were elevated in 18 patients (7%). Among these 18 patients, TTS was diagnosed in 5 patients (27%), thus the prevalence of TTS was 1.8% [57] .
A C C E P T E D M A N U S C R I P T The mean interval between seizure and detection of TTS was 50 hours. As a consequence of this finding, cardiologic surveillance for at least 72 hours, relatively long period, has to be considered, which would be an enormous challenge to the health care system [58] . This stresses the need to obtain data from prospective studies including large numbers of consecutive patients about the prevalence of seizure-induced TTS, risk factors and time course of TTS after seizures.
Limitation of our review is that all conclusions are only based on case reports or case series. Most of the reports did not detail the time interval between onset of the seizure and the first cardiac symptoms. Furthermore, the duration estimates in retrospective reports are arbitrarily. Recall bias will play an important role and the definition of symptom detection may be variable. Thus, a part of cases with TTS onset immediately after the seizure may be recognized as "delayed detection group" due to delayed diagnosis.
Conclusion
Seizure-induced TTS may occur immediately or delayed. Since no risk factors for delayed detection of TTS after seizures are known, it seems prudent to observe patients cardiologically after a seizure. Since patients often do not typically experience symptoms of angina pectoris or dyspnea after epileptic seizures or may even be asymptomatic, TTS can easily be overlooked. Thus, a postictal ECG should be recorded, troponin levels should be measured and their hemodynamic and rhythmologic condition should be monitored. In cases with troponin elevation and normal postictal EGC, especially looking for T-wave inversion, is recommended. Cases with postictal ECG abnormalities should undergo assessment of brain natriuretic peptides and echocardiography [59] .
If wall motion abnormalities or ECG abnormalities are detected, coronary angiography should be carried out to confirm or exclude the diagnosis of TTS or coronary artery disease. Due to lack of data, the optimal duration for postictal cardiologic surveillance is, so far, unclear.
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Legend to Figure 1 Typical pattern of electrocardiographic changes in a patient with Takotsubo syndrome. Initially, there are only slight T -wave abnormalities (A). Two days later, negative T-waves are present in leads I, II, aVL, aVF, V [3] [4] [5] [6] and a prolonged QTc interval (590 ms) (B). After six months, the abnormalities have regressed (C).
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